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PATENT SPECIFICATION (") 1400978 

(21) Applicaton No. 17025/73 (22) Filed 10 April 1973 
(3 1) Convention Vindication No. 242777 (32) Filed 10 April 1972 
(31) Convention Application No. 306106 (32) Filed 13 Nov. 1972 in 
(33) United States of America (US) 
(44) Complete Specification published 23 July 1975 

(5 1) INT CL> C08G 59/16 C0&F 122/20 

(52) Index at acceptance 

C3B 1D2C 1N10 1N11 1N16B 1N18X 1N1X 1N4C 

1N4J 1N6D3 1N6D5 1N6D7 1N7 1N9X 
C3P 8D2A 8D5 D3 A P3 P4C P6C P6X 

(54) STABILISED ETHYLENICALLY UNSATURATED 

BETA-HYDROXY ESTERS 

(71) We, CONTINENTAL CAN COMPANY, INC., a corporation 
nrganised and existing under the laws of the State of New York, United States of 
America, ssf 533 Third Avenue^ New York, State of New York, United States of 
America, {assignee of SOL B RADLOVE), do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is 
to he performed, to be particularly described in and by the following statement: 

This invention is related to ethylenically unsaturated beta-hydroxy ester com- 
positions and more particularly, to stabilized beta-hydroxy ester compositions suscep- 
tible .to ^polymerization using ionizing radiation. 

Banting or decorating metal substrates is conventionally accomplished using 
inks composed predominately -of a drying oil vehicle pigmented to the desired color 
which is dried by baking in air. Conventional printing inks prepared with drying oil 
vehicles contain a substantial amount of a volatile organc solvent which must he 
removed as the ink dries. The evaporation of the solvent creates an air pollution 
problem which many present day communities will not tolerate. 

One method of avoiding the use of solvents in preparing printing ink vehicles 
which has been attempted by the art is to prepare the vehicle from an unsaturated 
polyester composition of suitahle viscosity which can be polymerized and dried by 
exposure to ionizing radiation as for example, U.S. Patent Specifications Nos. 
3,326,710, 3,511,687, 3,551,235, 3,551,246, 3,551,311 and 3,558,387. 

One class of unsaturated compositions which is particularly suitable as radiation 
curable ink vehicle components is the ethylenically unsaturated beta-hydroxy esters. 
Ethylenically unsaturated beta-hydroxy esters are known to the art and are prepared 
by reacting a polyepoxide having at least 2 reactive epoxide groups with an alpha, 
beta-ethylenically unsaturated carboxylic acid. 

Heretofore, ethylenically unsaturated beta-hydroxy esters have been prepared 
through the use of tertiary amines as a catalyst e.g., U.S. 2,824,851 with the inclu- 
sion of a vinyl polymerization inhibitor such as hydroquinone. The storage life of 
such ester products has been limited as the esters are very reactive monomelic 
materials and form useless gels when stored for short periods, i.e., within one month's 
time. Hie presence of vinyl polymerization inhibitors in the ester product interferes 
with the sensitivity of the ester toward polymerization with ionizing radiation and 
the removal of the inhibitor from the ester reaction product is a difficult and costly 
procedure. 

Although the art has proposed the addition of stabilizing agents to the ethylenic- 
aliy unsaturated beta-hydroxy ester compositions to stabilize the compositions to 
premature .gelation, e.g., U.S. Patent Specification No. 3,408,422, in many rases the 
addition of such agents farther diminishes the sensitivity of the ester toward ionizing 
radiation, thereby reducing the utility of the unsaturated esters as radiation curable 
compositions. 

In accordance with the present invention there is provided a method for pre- 
paring an ethylenically unsaturated beta-hydroxy ester which is -stable to premature 
gel formation and which is sensitive to "rapid polymerization by exposure to a source 
of ionizing radiation wherein the reaction between the polyepoxide and the alpha, beta- 
ethylenically -unsaturated carboxylic acid to form the beta hydroxy ester is conducted 
in the presence of a tin hab'de salt 
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presen?^^ ^K^Jfififfi? - accordance with the 

%q ^TT^ witnstana gel formation at ambient temperatures for mnn» 

tL ^ r n0 diminution of sensitivity to aSSfby ioni^fradfc? 

need for polymerkation inhibitors ^VTeaflfdnniSshS ' >Bd *» 

tion SuS Sa 2 aUdC SaltS ^ may * ^P 10 ^ in 1,12 P rocess of *e present inven- 

10 condSbHSln^a^the'CS 5 S* T** mkture ma * vary over a 
by weight of tbf reTctfS r&SSsdTtlJS fclS Vary rt - TOm °J 10% t0 3 -°% 
ably from 02% to 0.6% by S 5 Se rSn™ g reaCU ° n "* prefer " 

15 ^r^c^^Z^^LV^ ^^lenically unsaturated beta-hydro^ 
hydroxides miarte™™. 1^2.™!- t. ??, ter Bary amines, quaternary ammonium 
NKa^NSiSn^^" hydroS 
hydroxide to" Sate £ r^^oT^ OT «^ 

20 consiS e abr™^SneLh°J°" tEd T .*! reaction ^«ur= may vary over a 

25 vente! When eltte? or bntt,? J^ 00 , ?? ay * effecterf *» the absence of sol! 
able to^dd sSveSs [o ^^f^-"* £ h<fe ™ k may be desk- 

include inert orS: iLSf JSh^W reacbon - Examples of suitable solvents 
e.g. cydohclmf^ S&S£^^ 

conducted under an inert atm^^Tlt AT °. y yu to 105 C The reaction is 
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period unu-l^Tlt^^ 1 ?^ ^ a 1 » 10 *« 

acid is substantially consumed t£ ™™ J^^ yla ! ,CaIly unsaturated carboxylic 
lowed by a deteraLSoTof *e Icidito ^^^ rea - Ctl0n 5 e co «venienUy fol- 
-*le* when the aci^hS^d^a ^JiT^^g?** 

tin sa^fbe^Sted'Ttr?^^^ H d&d, the 

40 «5%^5% by wS^hfsnho^ B ^ T Pr °fc by ^ ^ P^duct with 

is added to tte SiS S^? 1 effectm « deactivation of the salt, the acid 40 

• the weight of V° TffcZ 0* J"* ° a 

an msoluble colloidal solid can he s«™™»~i *. I tor 0.5 to 2 hours whereupon 
or other simple separation ted^m^^f fr ° m J* e action product by filtration 
45 product. separation technique or may be allowed to remain in the reaction 

V*£dE%$S« S SS^TSSF*, alpha * ^-carboxyHc acid and 
compositions of the piemen? StLf f, !, «»a»«ed beta-hydroxy ester 

of polyepoxide is ^Sfor^ oot g rae ^» a molar equivalent 

50 carbolic add. t0 2 1,10131 equivalents of the ethylenically unsaturated 

XSiSS^t^tlTSSSi adds *** -y be reacted 5 ° 

cess of the SkSMS^^"^ 1 ? m . a 5 corda nce with the pro- 
atoms such aHcrVS S f-T^ 002 ^ 1 . 10 ^ having 3 to 6 carbon 

55 these, acrylic ana^mettocS^lct^e ^^T^ add ^ T" 0 ^ add " ° f 

esters, a portion of these^anSl ^wf^f ^ In . P^^B the beta-hydroxy 55 
ing 3 to P 18 carton ^L^uTT^t^^^ by saturated acids hav- 
physical properties of the beta-hydro^ este? Tlte S.tV*^ a ? d . CO 1110 



20 



25 



1,400,978 



-A- 



groups in their molecule. The polyepoxides may be saturated or unsaturated, ali- 
phatic, cydoaliphatic, aromatic, or heterocylic and may be substituted if desired with 
non-interfering substituents. 

5 Aromatic polyepoxides are the polymeric reaction products of polyhydric mono 5 

and polynuclear phenols with polyfunctional halohydrins and/or glycerol dichloro- 
hydrin. A large number of polyepoxides of this type are disclosed in the Greenlee 
patents, U.S. Patent No. 2,585,115 and No. 2,589,245. In addition many of these 
resins are commercial products. Typical . polyhydroxy phenols useful in the prepara- 

iu tion of aromatic polyepoxides include resordnol and various diphenols resulting from 10 
Qie condensation of phenol with aldehydes and ketones such as formaldehyde, acetal- 
dehyde, acetone and methyl ethyl ketone. A typical aromatic polyepoxide is the re- 
action product of epichlorohydrin and 2,2-bis (p-hydroxy phenyl) propane (Bisphenol 
A Jy the resin having the following structural formula: 



R Y^ 3 V" 9H3 p 

L CH 3 . J n CKg 

wherein n is zero or an integer up to 10. Generally speaking, n will be no greater 
than 2.or3 and is preferably 1 or less. 

In DER 332, an aromatic polyepoxide of the type above described and commerci- 
ally available from the Dow Chemical Company, n is zero. 

Aliphatic polyepoxides are the reaction products of ephihalohydrins with aliphatic 20 
polyhydric alcohols such as trimethylol ethane, glycerol, pentaerytfiritol, sorbitol, tri- 
metnylol propane, erythritol, arabitol, mannitol, trimethylene glycol, tetramethylene 
glycol, ethylene glycol, polyethylene glycol, propylene glycol, polypropylene glycol, 
butylene glycol and polybutylene glycol. 

KD-2, the diglycidyi ether of 1,4 butylene glycol, manufactured by Ciba is an 25 
example of a commercially available aliphatic polyepoxide. 

The stabilized ethylenically unsaturated beta-hydroxy ester compositions prepared 
by the process of the present invention are useful as radiation curable coating materials 
for coatmg^a variety of substrates such as metal, paper and wood. The stabilized 
3U ester may be used alone or in combination with other unsaturated compounds such 30 
as vinyl monomers. 

The stabilized beta-hydroxy esters are particularly useful as components of print- 
ing ink vehicles which are curable by ultaviolet radiation. In preparing such print- 
ing ink vehicles the stabilized ethylenically unsaturated beta-hydroxy ester is advan- 

n tageously admixed with at least one other ethylenically unsaturated polyester such 35 
as polyacrylates and polyitaconates, and a photosensitizer. 

Polyacrylates are prepared from a polyhydric alcohol having from 2 to 6 hydroxyl 
groups and an alpha, beta-ethylenically unsaturated monocarboxylic add having from 

a* IJ? 6 .9 arb 1 on a *»? s > generally 50 to 100 percent of the hydroxy groups being esteri- 

4U ned with the ethylenically unsaturated monocarboxylic acid. 40 
Illustrative polyhydric alcohols which may be used to prepare polyacrylates 
include ethylene glycol, polyethylene glycol, propylene glycol, polypropylene glycol, 
Methylene glycol, butanediol, trimethyolethane, trimethylolpropane, trimethylolhexane, 
glycerol, mannitol, pentaerythritol and mixtures of these polyhydric alcohols. 

45 Unsaturated monocarboxylic acids which may be reacted with the polyhydric 45 

alcohols to prepare the polyacrylates include acrylic acid, methacryfic acid and ethyl- 
acrylic acid. J 

1 ♦ 7? P^yitaconates are prepared by reacting 0.8 to 1 mole itaconic acid with 
cn J° • ? by 311 ^P^ 0 or aromatic polyepoxide or a mixture thereof, prefer- 

ably in the presence of a small amount of a saturated dibasic acid containing 20 to 50 
40 carbon atoms, such as the C 86 dimer acids prepared by the polymerization of 



5 Prepared from a polyepoxide and iSconil Jr ^ polyitaconate 

in tta «£!f^E??* **" P rc P"ed using radiation curable vehicles are prepared 
£ ScS toTcZn 1131 P™"*? «fr «sing *e vehicle con?JoS 

violet tffid f£m ,n ^^J 1 °.- 5 *<» 2-0 second period using ultra- 

30 of JSSteffi Medlum^,f i^S^farf source 

be employed if d^ed: P C merCury va P° r discharge lamps of quartz may 

lo-AS-Ste »^ duration of 

The present invention is illustrated, but not limited by the following examples : 
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~ EXAMPLE I 

nitrogen L^wITSrgTZloSSng £2£? ^ ^ 



2.0 grams 



were also tested for £l stability ^ raT^T^ ^ ^Pa^son compositions 
60 the symbol «C» are ^so^Sd S?^ b £ TOmpanson tests designated by 
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8S& i^SSS d * 1 cther ^ 332 > «j . *— CL15M 

40 Pelargonic acid grains (1.84M) 

Berizyldimethylamine 3 ri? S 1 " 32113 C&2M) 40 
Stannous chloride (in 50 mis. methylethyl 
ketone) ' 



for «t5ffl?5£L£ S£ta?Xj" T 6d t0 J-***-! " 102*C. 
with a 0.2N alcoholicKOH wSKTS?' rw^!? 0n ^P^ of mixture 45 

had an add value of 1 4 SdlS, JSJ^.fT 5 Md,( ? ed ^ reaction mixture 45 
ether mth^he^rVuc add Th^ll^f" 1 con, ? Iete *"*««» of the bisphenol 

«n*£?*db£ fTeSe'T^ fT^f * abl bottle and 

the Table Mow! 7 ° f 861 formatIon - The gel stability is recorded in 

the sSLSFSE ISS^ a SC ^ ate ^ of reactions > the procedure of 55 
^to^yZ^^y^^J^**™ SnCk was not used, the 55 

than SnO, was mcor^raK fcti, "SJKSto Th^S ^° ride 88,1 . otto 
2™J*» *5S *• £ Ability. The rl^XL 
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Test No. 
1 



Stabilizer 

SnCI* 
none 
SnQ 2 

Cua a 

ZnC\ s 



TABLE 
Observations 

Reaction product gelled during preparation 
No catalyst* 

Reaction product gelled during preparation 
Reaction product gelled during preparation 



Gel Stability 
(weeks) 

over 28 



*Acid number =163 indicates large amount of acrylic acid unreacted. 

A white ink was prepared on a three roll mill using 50% of a titanium dioxide 
pigment and 50% of an ink vehicle including the beta-hydroxy ester prepared- above 
using stannous chloride and benzyldlmethylamine, the vehicle having the following 
composition: 

Component Weight Percent 

Beta-hydroxy ester 44.1 

Polyitaeonate* £4 

Polyethylene glycol**diacryIate " 11.0 

Pentaerythritjol tetraacrylate 39.6 

l-chloro-2-rn ethyl anthraquinone 0.9 

♦Reaction product of 0.6 moles DER 332, 0.25 moles RD-2, 0.7 moles itaconic 
acid and .075 moles Cs a dimer acid. 
**Molecular weight 200. 

The ink had a tack of 31. 

Using a conventional lithographic technique (ATF Chief 20 A printing press) 
the white ink was printed upon the surface of 5 X 3 inch steel plates of the type used 
in the manufacture of metal cans. 

After application of the printing, the printed plates were placed on a continuously 
movmg conveyor which passed under a bank of three 12 inch* high pressure mercury 
lamps mounted parallel to each other. The radiation emitted by the lamps was approxi- 
mately 100 watts/in. of lamp surface. The conveyor was adjusted so that the coated 
plates travelled under the surface of the ultraviolet lamp bank so that the plates were 
1.0 inch from the lamp surface. The speed of the conveyor belt was adjusted so 
that the printed plates were exposed to the ultraviolet radiation for about 2 seconds 
whereby total drying of the plate was effected. 

EXAMPLE II 

The procedure of Example I was repeated with the exception that the beta- 
hydroxy ester reaction product was not treated with phosphoric acid. No gel forma- 
tion was noted after storage of the ester reaction product in a brown bottle for more 
than 3 months. 

A white ink was prepared following the procedure of Example I using the beta- 
hydroxy ester prepared in Example II as a vehicle component. The vehicle had the 
following composition: 



Component 

Beta-hydroxy ester 
Polyitaeonate 

Polyethylene glycol diacrylate 
Pentaerythritol tetraacrylate 
1-chloro, 2-methyl anthraquinone 



Weight Percent 

49.0 

6.0 

6.5 
37.5 

1.0 



The ink had a tack of 32. 

Following the printing procedure of Example I, the white ink containing the 
beta-hydroxy ester component of Example II was printed on steel plate. Total dry- 
ing of the ink was effected in less than 1 second using the ultraviolet radiation. 

WHAT WE CLAIM IS: — 

1. The method of preparing an ethylenically unsaturated beta-hydroxy ester 
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5 prepare the beta-hvdiSw Ld ri^T^ elective amount of a tin halide salt to 

BispnLTl. meth0d ° f Cldm 1 Whctdn P^yepoxide is the diglyddyl ether of 

10 f ' ^ me ^ od °j 1 or claim 2 wherin the acid is acrvlic acid 

10 f The method of daim 1, 2 or 3 wherein the tin haUde sakis SnQ in 

am J- The meth0d «>f claim 1, 2, 3 or 4 wherein tn? auSe ^alysM? \ tertiary " 

dimethyfamui^^ ° f ^ 5 Wherein tertiar y is W-bemsyl- 

15 reacf '•j^/fZUitt l& \Sg?JW * 15 

20 85 tD%S*X?i*K*S 1 * 8 ^ *« * * with 
. refe^todS^LSSes 1 ^ as hereinbefore described with '° 

W, P. THOMPSON & CO., 
12 Church Street, 
Liverpool LI 3AB. 
Chartered Patent Agent. 

which copies may be obtained UOnaon > W02A 1AY > ^om 



